The aim of the present study was to develop a monoclonal antibody that recognizes the shared antigen of Porphyromonas endodontalis so that we could use the antibody in direct identification and detection of P. endodontalis in infectious material from apical periodontal patients. We established a hybridoma cell line producing monoclonal antibody (BEB5) specific for P. endodontalis. BEB5 antibody reacted with all of the P. endodontalis strains tested, but not with any of the other black-pigmented Porphyromonas and Bacteroides spp. The antibody reacted specifically with the lipopolysaccharide (LPS) of three P. endodontalis strains of different serotypes (01K1, 01K2, and 01K-). Western blotting (immunoblotting) analysis confirmed the specificity of the antibody to these LPSs, because the antibody recognized the typical "repetitive ladder" pattern characteristic of LPS on sodium dodecyl sulfate-polyacrylamide electrophoretic gels. These observations demonstrate that P. endodontalis LPS is the shared antigen of this species. The antibody can specifically identify P. endodontalis on nitrocellulose membrane blots of bacterial colonies grown on agar. The antibody is also capable of directly detecting the presence of P. endodontalis in infectious material by immunoslot blot assay. These results indicate that LPS is the shared antigen of P. endodontalis and that BEB5 antibody against LPS is a useful one for direct identification and detection of the organisms in samples from apical periodontal patients.
Many recent studies (9) (10) (11) 20) have demonstrated that different forms of human periodontal disease are associated with specific microorganisms. Therefore, it is very important in the diagnosis of periodontal disease to detect and monitor periodontal pathogens in patients. Our previous report (7) indicated that the immunoslot blot assay using monoclonal antibodies provides simple detection and monitoring of these organisms in periodontal patients. Thus, it is very useful to develop monoclonal antibodies that specifically recognize the shared antigen of each periodontal organism.
Several investigators (3, 12, 15, 16) have shown the presence of black-pigmented Porphyromonas and Bacteroides spp. in odontogenic abscesses. van Winkelhoff et al. (16, 18) suggested that Porphyromonas endodontalis was isolated almost exclusively from periapical abscesses of endodontal origin. Sundqvist et al. (12) also showed that P. endodontalis and Bacteroides intermedius were prevalent in root canal infections. These findings suggest that P. endodontalis may be an important pathogen in periapical abscesses and root canal infections. Therefore, it is very important to develop a specific and rapid method that detects and monitors the organism in the abscesses. Presently, P. endodontalis is commonly identified by a series of biochemical methods, including analysis of metabolic end products and enzymatic activity. However, the standard techniques are time-consuming and have technical difficulties. Therefore, we decided to develop a monoclonal antibody that specifically recognizes the shared antigen of this organism. These bacterial strains were cultured in a general anaerobic medium (GAM; Nissui Pharmaceutical Co., Tokyo, Japan) supplemented with hemin (0.5 mg/ml) and menadione (5 mg/ml). These bacterial cells were harvested when they reached stationary phase, washed with physiological saline, and then lyophilized.
Preparation of P. endodontalis LPS. P. endodontalis LPS was extracted by the hot phenol-water procedure of Westphal and Jann (19) . Briefly, lyophilized intact cells were treated with hot phenol-water, and the aqueous phase was collected and concentrated. Thereafter, the concentrated materials were treated with ethanol containing sodium acetate and subsequently treated with acetone. The obtained precipitates were suspended in water and washed by centrif-ugation at 100,000 x g until no absorbance at optical densities of 260 and 280 nm was detected. The washed precipitates were used as P. endodontalis LPS. In some experiments, P. gingivalis 381 LPS prepared as described previously (4) and Actinobacillus actinomycetemcomitans Y4 LPS, prepared by the method of Westphal and Jann (19) , and Escherichia coli 0111:B4 LPS (LBL, Inc., Campbell, Calif.) were also used.
Development of a monoclonal antibody that recognizes P. endodontalis LPS. P. endodontalis ATCC 35406 was autoclaved for 135 min at 121°C and then washed three times with distilled water. The washed cells (1 mg [dry weight] per mouse) were injected intraperitoneally into BALB/c mice. Booster injections with the same bacterium and at the same dosage were given after 2 weeks, and then a final booster injection was administered intravenously 4 days before harvesting of the spleens. Hybridomas were prepared as described previously (6) . After selection using hypoxanthine-aminopterin-thymidine, the culture supernatants were tested for antibody reactivity against LPS from P. endodontalis ATCC 35406 by the enzyme-linked immunosorbent assay (ELISA) with alkaline phosphatase-conjugated goat anti-mouse immunoglobulin prepared as described previously (2) . Positive hybridomas were cloned three times by using limiting dilutions with thymus cells as feeder cells. The clone having the highest antibody titer was chosen.
Immunoslot blot assay. Sonicated bacterial extracts prepared as described previously (5) or LPS preparations were blotted onto nitrocellulose paper in an immunoslot blot apparatus (Hybri-Slot Manifold; Bethesda Research Laboratories, Gaithersburg, Md.) and then assayed as described previously (5, 7). Briefly, the blotted nitrocellulose paper was treated with 3% gelatin (wt/vol) and then washed with 20 mM Tris hydrochloride buffer (pH 7.2) containing 0.1% Tween 20 (vol/vol). After the paper was washed, it was treated with monoclonal antibodies and washed. The antibody binding was visualized by use of horseradish peroxidase (HRP)-conjugated goat anti-mouse immunoglobulin G (Bio-Rad Japan, Tokyo, Japan) and HRP color development reagent (Bio-Rad).
SDS-PAGE. The Laemmli sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) system (8) incorporated in a 10% separating polyacrylamide gel was used in a slab gel apparatus. LPS from P. endodontalis was boiled for 3 min in 20 mM Tris hydrochloride buffer (pH 6.8) containing 4% SDS, 5% 2-mercaptoethanol, and 40% glycerol. The LPS was subjected to electrophoresis and was then visualized by the silver stain technique described by Tsai and Frasch (14) .
Immunoblotting assay. After SDS-PAGE, the samples separated on the gel were transferred to nitrocellulose paper by the method of Towbin et al. (13 ,ug/well) were blotted onto a nitrocellulose membrane in a HybriSlot apparatus. The culture supernatants from SP2/0 Agl4 myeloma (control) and BEB5 antibody-producing cells were used in this experiment.
cells was designated BEB5. The class of the antibody was found to be immunoglobulin G3. Immunoslot blot assay for reactivity of BEB5 antibody against black-pigmented Porphyromonas and Bacteroides spp. showed that the BEB5 antibody specifically recognized P. endodontalis (Fig. 1) .
Specificity of BEB5 antibody against P. endodontalis LPS. We prepared LPS from P. endodontalis ATCC 35406 and other bacterial strains and then looked for reactivity with BEB5 antibody. The ELISA reactivity for these LPS is shown in Fig. 2 . BEB5 antibody reacted with P. endodon- talis ATCC 35406 LPS in a dose-dependent fashion. However, the antibody did not react at all with LPS from the other bacteria tested. These observations show that BEB5 antibody recognizes P. endodontalis LPS with high specificity.
Western blotting analysis of P. endodontalis LPS with BEB5 antibody. In order to confirm that LPS is the shared antigen of P. endodontalis, we examined three serotype strains of P. endodontalis for their reactivity to BEB5 by Western blotting analysis. As shown in Fig. 3 , Western blots of all three of these LPS showed the typical "repetitive ladder" of LPS. These observations provide evidence that LPS is the shared antigen of this species.
Use of BEB5 antibody for identification and detection of P. endodontalis in patients with apical periodontitis. Since BEB5 antibody recognized the shared antigen of P. endodontalis, we used this antibody in the identification and detection ofP. endodontalis in patients with apical periodontitis. Samples of infectious material from the patients were spread over GAM agar supplemented with horse blood and then incubated anaerobically. After 6 days of growth, the bacterial colonies were overlaid and blotted onto nitrocellulose membrane. Subsequently, the presence of P. endodontalis on the nitrocellulose membrane, which contained the mirror image of the bacterial colonies on the agar, was monitored by the immunoblot assay using BEB5 antibody. Figure 4 shows clearly that BEB5 antibody can directly detect P. endodontalis in infectious material from apical periodontal patients. In contrast, no positive reactions were detected in the control immunoblot assay utilizing the culture supernatant of SP2/OAgl4 myeloma cells (data not shown). Also, no reactivity with monoclonal antibody for P. gingivalis was detected, although a few positive spots were observed with monoclonal antibody for B. intermedius.
Infectious material from four apical periodontal patients was also blotted directly onto nitrocellulose paper and then assayed by the immunoslot blot procedure using BEB5 antibody. As shown in Fig. 5 , a strongly positive reaction was obtained with a sample from one of the patients. Also, weakly positive reactions were detected in the infectious materials blotted onto lanes B and C.
These findings indicate that BEB5 antibody is useful in B   FIG . 4. Immunoblotting with BEB5 for identification of P. endodontalis in colonies on blood agar. Samples of infectious material from apical periodontal patients were spread on blood agar. The colonies that subsequently appeared on the agar were blotted onto a nitrocellulose membrane, and then their immunoreactivities to BEB5 antibody (A), P. gingivalis-specific BGF7 antibody (B), and B. intermedius-specific antibody BIF5 (C) were assayed by the immunoblot procedure.
direct identification or detection of P. endodontalis in samples of infectious material from apical periodontal patients.
DISCUSSION
We showed earlier that the immunoslot blot assay using monoclonal antibodies is a useful tool for monitoring or detecting periodontopathic bacteria in subgingival plaques (7) . It may be possible to apply this assay to the diagnosis of periodontal diseases associated with specific periodontopathic bacteria. Some studies (3, 12, 15, 16) have suggested the possibility that P. endodontalis may be an important pathogen in periapical abscesses and root canal infections. Therefore, monoclonal antibody against the common antigen of this organism would be very useful for rapid detection and identification of the bacterium in patients having these diseases. The immunoslot blot analysis showed that BEB5 antibody specifically recognized P. endodontalis. The antibody reacted with P. endodontalis LPS, but not with other bacterial LPS. Further, we examined, with Western blotting, the reactivity of the antibody against LPS prepared from three typical strains of P. endodontalis representing three serotype antigens (O1Kl, 01K2, and 01K-). The antibody reacted with the LPS of all three strains, but not with those of P. gingivalis, A. actinomycetemcomitans, and E. coli. These reactivities demonstrate strongly that LPS is the shared antigen of P. endodontalis. It has not yet been demonstrated whether the presence of P. endodontalis in patients with apical periodontal disease correlates with the severity of the disease. Therefore, it is very important to address this point. Many investigators have used the standard culture techniques and biochemical methods for the identification of periodontopathic bacteria. However, since these methods are very time-consuming and laborious, it is necessary to develop a specific and rapid method that identifies these bacteria. On the basis of this reasoning, we used BEB5 antibody in the identification and detection of P. endodontalis in patients with apical periodontitis.
The bacterial colonies on blood agar, derived from infectious material from the patients, were blotted onto a nitrocellulose membrane; subsequently, the presence of P. endodontalis on the blotted membrane was assessed by the immunoblot assay using BEB5 antibody. Many positive spots were observed on the blotted membrane. Thus, the antibody is capable of directly detecting P. endodontalis in infectious material from apical periodontal patients. These findings demonstrate the successful application of BEB5 antibody for identification of P. endodontalis colonies on blood agar.
Further, using the immunoslot blot assay, we tried direct detection of the organism in infectious materials from patients with apical periodontal disease. The infectious material was blotted directly onto a nitrocellulose membrane and then assayed by the immunoslot blot technique using BEB5 antibody. The antibody detected P. endodontalis in the infectious material from one of the four patients tested.
Therefore, the immunoslot blot assay with BEB5 antibody appears to be a promising procedure for direct detection of P. endodontalis in infectious material from apical periodontal patients.
In conclusion, we propose that BEB5 is a useful monoclonal antibody for direct and rapid identification or detection of P. endodontalis in infectious material from apical periodontal patients.
